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H. M. Weitlauf suggest that preimplantation mouse embryos synthesize protein throughout the early stages, with marked increases occurring in the morula and blastocyst.
Failure to detect significant protein synthesis by cleaving embryos in vivo (i.e. a false negative result) can result from interference with the tracer by competing pools of endogenous amino acids in the oviducts (as suggested by Mintz, 1965) , or by failure of the tracer to equilibrate with endogenous amino acid pools within the embryos. The first possibility was ruled out as follows: blastocysts were recovered from the uteri of normal mice on the 5th day post coitum {p.c.) and transferred to the oviducts of recipients on the 2nd day p.c. When [35S]methionine was injected intraperitoneally the transferred blasto¬ cysts were heavily labelled while the native two-cell embryos were unlabelled (Weitlauf & Greenwald, 1967 Rosebrough, Farr & Randall, 1951) , it was shown that total protein content in the mouse embryo decreases by 25% (i.e. 4 ng/embryo) between the onecell and early blastocyst stages (Brinster, 1967b) and increases by 50% (i.e. 12-3 ng/embryo) in the late blastocysts (Weitlauf, 1973b) In contrast, the level of incorporation of amino acids by embryos in lactational or experimentally delayed implantation is low (Weitlauf & Greenwald, 1965 . This suggests that little or no embryonic protein is synthesized in delayed implantation. However, alternative explanations must also be considered.
The possibility that the reduced incorporation by 'delayed implanting' embryos in utero results from selective restriction of amino acids (as suggested by Gwatkin, 1966) (Weitlauf, 1969 (Gwatkin, 1969) . Furthermore, when normal and 'delayed implanting' blastocysts are incubated with the same concentrations of labelled amino acids in vitro, the normal embryos incorporate approximately seven times more label than 'delayed implanting' embryos in the first 30 min (Weitlauf, 1973a) (Weitlauf, 1973b (Whitten, 1955 (Whitten, , 1958 (Weitlauf, 1971) . These results seem to support Kirby's (1969) (Smith & Smith, 1971) .
Therefore, normal and 'delayed implanting' embryos were recovered and placed in a modified Brinster's culture medium (14C amino acids, leucine, lysine, arginine and valine at4xl0_6MÌn addition to the ingredients shown in Table 1 ) for 30 min; acid-insoluble radioactivity was determined with a scintillation counter. The amount of radioactivity in the normal embryos was significantly higher than in the 'delayed implanting' embryos (Text- fig. 2 ; 0 hr pre-incubation). The experiment was repeated with the exception that the embryos were 'pre-incubated' in medium with non-labelled amino acids 217 for various periods up to 6 hr before being placed in the radioactive medium for 30 min. The normal embryos incorporated amino acids at nearly the same rate throughout the experiment. In contrast, the rate of amino acid incorpora¬ tion for the 'delayed implanting' embryos increased with longer pre-incubation periods (up to 4 hr) and levelled off at about 75% of the value for normal embryos.
To test the possibility that the 'delayed implanting' blastocysts require a direct hormonal stimulus to increase protein synthesis to the range of normal embryos, the experiment was repeated except that oestradiol, and/or progester¬ one, were added to the non-labelled medium (Text- fig. 2 ). Blastocysts from normal and 'delayed implanting' mice were pre-incubated in the non-labelled medium with steroids for 4 hr before being placed in radioactive medium for 30 min. None of the hormones had any effect on the rate of protein synthesis. Therefore, at least at the concentrations used in this study, it appears that the hormones do not directly stimulate protein synthesis in the embryos.
Although most of the work on protein synthesis in delayed implantation has been done with the mouse, the few experiments performed with rats have The rate of aerobic metabolism in normal and 'delayed implanting' mouse embryos has been estimated by the production of C02 in vitro (Brinster, 1967a; Menke & McLaren, 1970a, b; Menke, 1972 (Brinster, 1969) and the uptake of other sugars (Kramen & Biggers, 1971) , it is reasonable to assume that glucose enters the blastocysts more readily than earlier stages. Therefore, estimates of C02 production by the early stages may also be low. Although these difficulties have not been resolved, the observa¬ tion that oxygen utilization is higher in blastocysts than in earlier stages (Mills & Brinster, 1967) appears to confirm the suggestion that the rate of aerobic metabolism in the mouse blastocyst is higher than in earlier stages.
The pattern of 14C02 production by 'delayed implanting' embryos is similar to that of normal blastocysts until the 4th day p.c. but thereafter C02 produc¬ tion decreases abruptly (Menke & McLaren, 1970a; Menke, 1972; Text- fig. 4 ).
The finding that progesterone given to ovariectomized mice still further lowers 14C02 production by 'delayed implanting' blastocysts (Menke & McLaren, 1970b) (Torbit & Weitlauf, 1974) (Table 2 ). The embryos were recovered on Day 10 and assayed for 14C02 production. The results demon¬ strate that oestrogen and progesterone are both essential for increased 14C02 production. In a related experiment, it was found that the increase in 14C02 production is not detected until about 20 hr after the injection of oestrogen. In this experiment, the negative influence of progesterone on 14C02 production reported by Menke & McLaren (1970b) (Text-fig. 5 ). This indicates that the medium was neither stimulatory nor detrimental to the embryos. In contrast, 'delayed implanting' embryos from ovariectomized, oil-treated mothers showed low 14C02 production with 0 or 4-hr 'pre-incubation' but 221 levels near that of the normals at 8 and 24 hr. There is considerable discussion on how the uterus regulates embryonic metabolism. McLaren (1973) has reviewed the two principal positions, namely that, in the absence of oestrogen and progesterone, the uterus either fails to provide a stimulatory factor essential for blastocyst development or elaborates a substance that is inhibitory to the embryos.
That serum or serum-like substances may be the stimulatory factor is suggested by the following observations: 'delayed implanting' mouse embryos resume proliferation in vitro only in the presence of serum and certain amino acids (Gwatkin, 1966) ; C02 production by 'delayed implanting' mouse embryos is increased when serum is added to the medium (Menke & McLaren, 1970a) ; and enhanced RNA synthesis by 'delayed implanting' rat blastocysts in vitro occurs in medium containing serum (Psychoyos & Bitton-Casimiri, 1969 ). In addition, Hsu (1972) and Hsu & Baskar (1973) In either case, the solution of this problem will provide clues to the method by which the maternal and fetal organisms communicate before nidation and thus improve our understanding of the mechanisms controlling implantation.
